Purpose: To investigate efficacy of prophylactic intravitreal antibiotics in reducing incidence of endophthalmitis after repair of open globe injuries. At King Abdulaziz University Hospital, a standard protocol of intravenous vancomycin and ceftazidime was used in all cases. Methods: Charts of 353 patients who presented between January 2010 and January 2014 with open globe injury were retrospectively reviewed. In addition, the standard protocol in this cohort included prophylactic intravitreal antibiotics in high-risk cases at time of primary repair. High-risk cases were identified based on the presence of one or more of the following risk factors: dirty wound, retained intra-ocular foreign body (IOFB), rural setting, delayed primary repair of >24 hr and ruptured lens capsule. Rate of endophthalmitis in this recent cohort was compared with that of a previous cohort admitted for primary repair between May 1996 and May 2008 (641 patients). In the previous cohort, protocol did not include prophylactic intravitreal antibiotics. Results: Rates of clinically suspected endophthalmitis and culture-positive endophthalmitis were higher in previous cohort (24 of 641 eyes; 3.7% and 12 of 641 eyes; 1.9%, respectively) compared to recent cohort (six of 353 eyes; 1.7% and two of 353 eyes; 0.6%, respectively). In high-risk groups, rates of suspected endophthalmitis and culture-positive endophthalmitis were higher in previous cohort (19 of 345 eyes; 5.5% and 12 of 345 eyes; 3.5%, respectively) compared to the recent cohort (five of 200 eyes; 2.5% and two of 200 eyes; 1.0%, respectively). Conclusion: Prophylactic intravitreal antibiotics reduce risk of endophthalmitis after repair of open globe injuries.
Introduction
Infectious endophthalmitis is a dreadful complication of open globe injuries. The incidence of culture-positive endophthalmitis after open globe injuries varies between 0.5% and 17% (Table 1) (Brinton et al. 1984; Williams et al. 1986; Affeldt et al. 1987; Boldt et al. 1989 ; Thompson et al. 1993 Thompson et al. , 1995 Verbraeken & Rysselaere 1994; Duch-samper et al. 1997; Abu El-Asrar et al. 2000; Sabaci et al. 2002; Essex et al. 2004; Chaudhry et al. 2008; Andreoli et al. 2009 ). Previous reports have demonstrated that delayed primary repair, dirty wound, ruptured lens capsule, retained IOFB, grade 4 injury (presenting visual acuity (VA) of worse than 5/ 200 to light perception), placement of primary intra-ocular lens and rural setting are associated with an increased risk of post-traumatic endophthalmitis (Brinton et al. 1984; Boldt et al. 1989 ; Thompson et al. 1993 Thompson et al. , 1995 Verbraeken & Rysselaere 1994; Sabaci et al. 2002; Essex et al. 2004; Andreoli et al. 2009; Al-Mezaine et al. 2010) . Grampositive organisms such as Bacillus, Staphylococci and Streptococci are the frequently isolated pathogens in such cases (Brinton et al. 1984; Williams et al. 1986; Affeldt et al. 1987; Nobe et al. 1987; Boldt et al. 1989; Thompson et al. 1993 Thompson et al. , 1995 Alfaro et al. 1994; Verbraeken & Rysselaere 1994; Duchsamper et al. 1997; Abu El-Asrar et al. 1999 , 2000 Kunimoto et al. 1999; Sabaci et al. 2002; Lieb et al. 2003; Essex et al. 2004; Chhabra et al. 2006; Al-Omran et al. 2007; Chaudhry et al. 2008; Andreoli et al. 2009; Al-Mezaine et al. 2010) .
Several studies reported the value of prophylactic intravenous antibiotics in lowering the risk of post-traumatic endophthalmitis (Ariyasu et al. 1995; Andreoli et al. 2009; Al-Mezaine et al. 2010; Huang et al. 2016) . However, there are still some cases that developed endophthalmitis in spite of receiving intravenous antibiotics (Soheilian et al. 2007; Andreoli et al. 2009; Al-Mezaine et al. 2010; Huang et al. 2016 ). This may indicate that intravenous antibiotics in open globe injuries are not sufficient for preventing post-traumatic endophthalmitis. Some authors, therefore, recommended prophylactic intravitreal antibiotic administration in high-risk cases at the time of primary repair (Boldt et al. 1989; Mieler et al. 1990; Lieb et al. 2003) . Essex et al. (2004) recommended to consider prophylactic intravitreal antibiotics if two or more of the following risk factors were present: delay in primary repair of ≥24 hr, breach of lens capsule and dirty wound.
In the present study, we evaluated the efficacy of prophylactic intravitreal administration of antibiotics (vancomycin and ceftazidime) 
Patients and Methods
We retrospectively reviewed the medical records of all patients with open globe injuries admitted for primary repair at King Abdulaziz University Hospital, Riyadh, Saudi Arabia, in the period from January 2010 to January 2014 after implementing the protocol for prophylactic intravitreal administration of antibiotics in high-risk cases. We excluded patients who had primary repair prior to presentation, patients who presented with endophthalmitis, and patients who underwent primary enucleation of an irreparably traumatized eye. An open globe injury was defined as any traumatic, full thickness wound of the globe involving a through-and-through injury of the sclera, cornea or both (Pieramici et al. 1997) . The following data were documented for all patients; age, gender, residential address (rural/urban), initial VA, classification of trauma (globe rupture, globe penetration or globe perforation) (Kuhn et al. 1996) , the presence of an IOFB, the site of breach in the corneoscleral shell, lens injury, cleanliness of the wound, vitreous prolapse, vitreous haemorrhage, time interval between injury and presentation to our institute, diagnostic and therapeutic interventions for endophthalmitis, vitreous culture results, complications, final VA and anatomic status of the eye. A computed tomography scan of the orbit was performed in all cases of suspected open globe injury.
At King Abdulaziz University Hospital, a standardized treatment protocol has been adopted for preventing endophthalmitis after open globe injury. Intravenous broad-spectrum antibiotics were used as a routine for prophylaxis against infection of the eye immediately after initial evaluation. Intravenous vancomycin (1 g every 12 hr) and ceftazidime (1 g every 12 hr) were used in all adult patients. In paediatric patients, the regimen was intravenous vancomycin 30-40 mg/Kg of body weight, and ceftazidime 100-150 mg/Kg of body weight per day. This treatment regimen was generally maintained 5-7 days. Vancomycin and ceftazidime were selected because of the desire for broad-spectrum antibiotic coverage and evidence that vancomycin and ceftazidime can penetrate the vitreous cavity in effective levels in inflamed aphakic experimental eyes (Meredith 1993; Meredith et al. 1995) . Ceftazidime provides effective coverage for Gram-negative intra-ocular infections, and vancomycin provides coverage for Gram-positive organisms (Meredith 1993; Meredith et al. 1995; Han et al. 1996) . In addition, more recently, the standard protocol included prophylactic intravitreal administration of antibiotics in high-risk cases at the time of primary repair. The combination of vancomycin (1 mg/ 0.1 ml) and ceftazidime (2.5 mg/ 0.1 ml) was used in these cases. Highrisk cases were identified based on the presence of one or more of the following risk factors for post-traumatic endophthalmitis: dirty wound, retained IOFB, rural setting, delayed primary repair of >24 hr and breach of lens capsule (Boldt et al. 1989; Thompson et al. 1993 Thompson et al. , 1995 Verbraeken & Rysselaere 1994; Essex et al. 2004; Andreoli et al. 2009; Al-Mezaine et al. 2010) .
For this study, endophthalmitis is defined as clinical signs of infection plus positive culture growth from intraocular specimens. Clinical signs of endophthalmitis included hypopyon, marked fibrinoid anterior chamber response, loss of red reflex, marked vitritis, retinitis and/or retinal periphlebitis. Vitreous samples were inoculated into blood agar (aerobic and anaerobic), chocolate agar and thioglycollate broth, Brinton et al. (1984) 257 9 (7.4) Williams et al. (1986) 105 11 (10) Boldt et al. (1989) 284 47 (17) Thompson et al. (1993) 492 22 (4.5) Verbraeken & Rysselaere (1994) 615 25 (4) Thompson et al. (1995) 258 13 all incubated at 37°C. Room temperature cultures on Sabouraud agar without cycloheximide were used to grow fungi. Positive cultures were defined as growth of the same organism on two or more media, or confluent growth on at least one solid medium. The study was conducted after obtaining approval of the research ethics committee at our institution and was conducted in adherence to the tenets of the Declaration of Helsinki.
Statistical analysis
Data were collected and stored in a spreadsheet using MICROSOFT EXCEL 2010 Ò software (Microsoft Corp., Redmond, WA, USA). Data management and coding were then performed in Excel. Data were analysed using SPSS Ò version 20.0 (IBM Inc., Chicago, Illinois, USA). Descriptive analysis was performed, where categorical variables were presented in the form of frequencies and percentages and continuous variables in the form of mean (AEStandard Deviation). Chi-square test was used to test the differences between the categorical variables between the two groups, while, Student's t-test was used to test the differences between the continuous variables between the groups. A p-value <0.05 was interpreted as an indicator of statistical significance.
Results
The demographics and baseline characteristics of the previous and recent cohorts are shown in Table 2 . Overall, endophthalmitis was suspected clinically in 24 (3.7%) cases in the previous cohort and in six (1.7%) cases in the recent cohort. These findings indicate a meaningful difference between the two groups, in favour of prophylactic intravitreal antibiotics that reduced the rate of clinically suspected endophthalmitis by about twofold, but the difference between the two percentages did not reach statistical significance (p = 0.077). The clinical suspicion of endophthalmitis was confirmed by positive intra-ocular cultures in 12 (1.9%) cases in the previous cohort and in two (0.6%) cases in the recent cohort, indicating that prophylactic intravitreal antibiotics reduced the rate of culture-positive endophthalmitis by about threefold (Table 3) .
In the previous cohort, 345 (53.8%) patients had one or more risk factors for endophthalmitis and were categorized as high-risk cases. In the recent cohort, 200 (56.7%) patients were identified as high-risk cases (Table 3 ). In the high-risk groups, endophthalmitis was suspected clinically in 19 (5.5%) patients in the previous cohort, whereas five (2.5%) patients in the new cohort developed clinical manifestations of endophthalmitis. In the previous cohort, culture-positive endophthalmitis developed in 12 (3.5%) eyes, whereas only two (1.0%) eyes developed culture-positive endophthalmitis in the recent cohort, but this difference was not statistically significant (p = 0.076; Table 3) .
We evaluated the rates of endophthalmitis in patients with a particularly high-risk of endophthalmitis in the previous and recent cohorts. Therefore, further analysis was performed involving combinations of the following risk factors: delayed presentation after injury of more than 24 hr, rural setting, dirty wound, retained IOFB and ruptured lens capsule (Table 3 ). All cases of clinically suspected post-traumatic endophthalmitis were treated with pars plana vitrectomy, vitreous sampling and intravitreal injection of antibiotics. The combination of intravitreal vancomycin (1 mg/0.1 ml) and ceftazidime (2.25 mg/0.1 ml) was used in all patients. Table 4 summarizes the microbiologic spectrum and visual outcomes of eyes with clinically suspected endophthalmitis in the recent cohort.
Discussion
Because of the substantial incidence of endophthalmitis after open globe injuries, careful consideration should be given to the use of prophylactic antimicrobial therapy. The purpose of prophylaxis is to provide effective antibiotic levels as rapidly as possible against a broad range of organisms. Previous studies reported a low rate of post-traumatic endophthalmitis after open globe repair using prophylactic intravenous vancomycin and ceftazidime, a third-generation cephalosporin (Andreoli et al. 2009; AlMezaine et al. 2010 ). In addition, Huang et al. (2016) demonstrated that the prophylactic use of intravenous vancomycin and cefepime, a fourthgeneration cephalosporin, reduce the rate of endophthalmitis. It should be stressed that endophthalmitis developed in few eyes despite prophylactic broad-spectrum intravenous antibiotics. These cases indicate that prophylactic intravenous antibiotics do not completely prevent endophthalmitis.
In the present study, we demonstrated that prophylactic intravitreal antibiotics in high-risk cases at the time of primary repair reduced the risk of post-traumatic endophthalmitis. Animal models have demonstrated the efficacy of intravitreal antibiotics for prophylaxis of post-traumatic endophthalmitis (Alfaro et al. 1996 (Alfaro et al. , 1997 . A small randomized trial showed that prophylactic intravitreal injection of vancomycin (1 mg) and ceftazidime (2.25 mg) decreases the risk of posttraumatic endophthalmitis (Narang et al. 2003) . Recently, a multicenter study provided strong evidence supporting the role of adjunct intra-ocular antibiotic injection at the time of primary repair in reducing the rate of post-traumatic endophthalmitis in open globe injuries with retained IOFB (Soheilian et al. 2007 ).
In order not to expose the eyes to unnecessary procedures, we elected to prophylactically inject only high-risk eyes with intravitreal antibiotics. In addition, particular consideration to the choice of intravitreal antibiotics should be given. The antibiotics used in prophylaxis should provide sufficient coverage against Gram-positive and Gramnegative organisms. This can be satisfactorily achieved using a combination of Meredith et al. 1995; Han et al. 1996) . As aminoglycosides, gentamicin in particular, have been reported to be a cause of significant retinal toxicity after intravitreal injection, it has not been considered as a choice of prophylaxis against Gram-negative organisms (Campochiaro & Lim 1994) . Care is to be taken when injecting prophylactic antibiotics at the conclusion of primary repair, as it might increase the intra-ocular pressure and reopen the wound with possible ocular tissue prolapse. This can be overcome by keeping the globe at the end of primary repair towards the lower intraocular pressure range to allow space for the injection volume, and by slowly injecting the antibiotics. If suprachoroidal haemorrhage or retinal detachment is suspected in open globe injury, benefits of intravitreal antibiotic prophylaxis should be weighed against the risks of inducing further trauma to the eye. Unfortunately, this has not been looked at systematically in the current study. The major feared complications associated with intravitreal injection are vitreous haemorrhage, retinal break, retinal detachment and choroidal haemorrhage. The complications can be avoided by giving the injection slowly and only after visualizing the needle tip in the vitreous cavity. We did not encounter any of these complications due to intravitreal injection.
The present study exhibits flaws that are inherent to all retrospective cohort studies. Data within the medical record were not designed to be collected for the study; hence, some of the data were missing or difficult to interpret. In addition, the relatively small numbers of the current cohorts limits statistical power to find associations.
In conclusion, we have shown that prophylactic intravitreal administration of antibiotics in high-risk cases at the time of primary repair reduce the risk of post-traumatic endophthalmitis in open globe injuries. Future randomized clinical studies may be helpful to confirm our findings.
